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Abstract  
Three generations of calcite veins filling in fractures have been recognized in Dabashan Thrust and Fold Belt in 
China. Reconstruction of the paleostress states corresponding to and studies on fluid inclusions and stable isotopes 
from the wall-rocks and the veins filled in the fractures have been carried out. The first vein, which occurs in the 
fractures limited to competent bed and perpendicular to the layer, was precipitated from liquids during diagenesis. 
Homogenization temperatures (Th) of  fluid inclusions in the veins range from 126  to 267 , which areć ć  similar to 
those obtained by the wall-rocks, i.e., from 152ć to 227 . ć The second-generation veins were filled in three groups 
of faults corresponding to NE-SW compression. Homogenization temperatures of the fluid inclusions show bimodal 
distribution, with peak Th-population values from 140  to 210  and 230  to 270 . The salinity values exhibit ć ć ć ć
evidently two groups either. The bimodal distribution of both homogenization temperatures and salinities indicates 
that the fluid flowing within the fractures posses two stages of evolution. The third-generation vein was filled in 
NNW-SSE to NWW-SEE trending strike-slip faults, which were formed under NW-SE tectonic compression. The 
homogenization temperatures obtained by fluid inclusions in the veins range from 101  to 257 . The wide change ć ć
in Th values possibly indicates that re-equilibrium has occurred for the fluid inclusions during the activity of the 
faults.  
The į13C and į18O values of the wall rocks range from -1.6‰ to 5.6‰ and 16.7‰ to 25.2‰, respectively. The 
values of į18O are similar to or lower slightly than marine carbonate(29‰). The į13C and į18O values of the 
first-generation veins are from -1.8‰ to 2.2‰ and 18.4‰ to 23.1‰, respectively, which are similar to those of 
wallrocks except showing smaller variation. The į13C and į18O values of the second-generation veins range from 
-9.2‰ to 4.7‰ and 13.2‰ to 27.9‰. Compared to wallrocks and the first-generation veins, the second-generation 
veins exhibit larger variability in both į13C and į18O values. The third-generation veins show similar situation to the 
second-generation veins in į13C values and the large variation in carbon isotopic compositions with the į13C values 
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from -9.2‰ to 4.8‰. But the į18O values are not as large variable as that of the second-generation veins, and the 
į18O values are from 12.8‰ to 19.8‰. The įD values measured by fluid inclusions from the second- and 
third-generation veins are from -62‰ to -90‰ and -74‰ to -87‰, respectively. On the plot of į18Ofluids vs įDfluids, 
parts of samples are fall in the scope of formation water, some samples show slightly lower įD values relative to 
formation water. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1.  Introduction 
It has become increasingly clear that tectonic deformations of sedimentary basins could be associated 
with the generation and migration of large volumes of fluids [1,2]. During tectonic deformation 
processes, fractures and thrust planes are usually as preferential pathways for deformation-related fluids 
that originated during various stages of the basin evolution [3-5]. Exploration on oil and gas has shown 
that formation and development of hydrocarbon deposits are often related to fluid migration through the 
faults [6].Therefore, the fold and thrust belt settings, where fractures and fold are developed, are 
considered to be prime exploration targets in present-day hydrocarbon exploration [7].The flowing pattern 
and the origin of fluids during tectonic processes are taken as important studies related to basin 
development and hydrocarbon migration. 
Veins filled in fractures and faults enable us to study the fluids during the tectonic processes. A large 
number of veins have been found developed inside fold-and-thrust belts and foreland basins [2,7-10]. 
Former studies have demonstrated that the basin undergone polyphase tectonics may develop 
multi-generation veins, which recorded different stages of fluid flow [2,7,10,11]. For example, in the 
Barrandian Basin, three successive vein generations were recognised that can be attributed to different 
stages of a basinal cycle [2]. Meanwhile, Fractures may be largely healed by the time of oil migration, or 
may post-date the period of active oil charging. Therefore, it is important to understand the relative 
histories of fracturing and fluid migration [12].  
 
Fig.1  Schematic Structural Map Showing the Main Units of Dabashan and Adjacent Region. 
 
Dabashan Thrust and Fold Belt is an important tectonic belt adjacent to the southern margin of 
Chinese Central Orogen. The discovery of Puguang Gas Field indicates that the foreland of Dabashan 
Open access under CC BY-NC-ND license.
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Thrust and Fold Belt is a favorable perspective region for exploration on oil and gas. This paper focuses 
on unraveling the relationships between the tectonic movements and the fluid flow based on the structural 
analysis and measurement of homogenization temperatures of fluid inclusions, as well as study on the 
stable isotopes. 
2.  Geological setting and sampling 
Dabashan Thrust and Fold Belt is situated in the transfer zone between Qinling Orogen and Sichuan 
Basin, which is separated from Qinling Orogen by the nearly E-W striking Mianxian-Luexian fault to the 
north and adjacent to Sichuan Basin to the south by blind Tiexi-Wuxi fault (Fig. 1). It can be divided into 
two secondary geological units, the Northern Dabashan Thrust Belt (NDTB) and the Southern Dabashan 
Thrust and Fold Belt (SDTFB) by the Chenkou-Fangxian Fault. The strata are composed of 
Sinian-Middle Triassic passive continental margin sediments in NDTB and carbonate platform sediments 
in SDTFB [13]. 
Faults or fractures with different striking-trending and slip direction, which may be developed during 
different tectonic episodes, are developed widespread in Dabashan Thrust and Fold Belt. It is supposed 
that the brittle fractures are mainly formed during or post the Mesozoic orogenic event by the fact that the 
fractures were developed inside almost all the Sinian-Middle Triassic strata. Field observation found that 
most of these fractures are filled by calcite veins. Meanwhile, the fractures limited inside competent bed 
and perpendicular to the layer often found to be filled by calcite veins, which probably record the fluids 
flow during diagenesis.  
All the structural data and samples in this study were collected in Ziyang-Dazhou and 
Chenkou-Wanxian geological profiles (Fig.1). The samples include calcite veins filled in fractures and 
wallrocks.  
3.  Vein generations and related paleostress 
   Based on the crosscutting relationship of the fractures within which the calcite veins filled, three 
generations of veins can be identified in the study area.  
3.1  The first -generation vein  
The first vein occurs in the fractures limited to competent  
               
Fig.2  The First Vein Occurrence (Limited to Competent  
      Bed and Perpendicular to the Layer of the Strata). 
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bed and perpendicular to the layer (Fig.2). Most of the fractures that the veins filled in show no evidence 
of shear movement and are considered to be pure extension. These features of the fractures indicate that 
they are formed by vertical compression prior to folding. The fracturing was due to the weight of overlaid 
strata and the veins were precipitated from liquids during diagenesis. Therefore, the vein recorded the 
liquid produced by dehydration during diagenic compaction process. 
3.2.  The second-generation vein 
The second-generation veins occur in three groups of faults, nearly S-N trending dextral strike-slip 
fault, NEE-SWW trending sinistral strike-slip fault and NW-SE trending thrust fault. The two former 
indicate a NE-SW compression with three paleostress tensors³1, ³2, ³3(maximum, medium and 
minimum stress axes) as 57eğ5e, 169eğ76eand 326eğ13e(Fig.3a). The paleostress tensors³1,
³2 and ³3 inversed by the later faulting group data sets are 40eğ2e, 310eğ2eand 175eğ88e, 
respectively (Fig.3b). These two stress states probably record a successive change in paleostress during a 
same tectonic episode. The former reveals pre-folding pattern of conjugate strike-slip faulting and the 
later is characterized by post-folding thrust movements.  
3.3  The third-generation vein 
The third-generation vein was filled in NNW-SSE to NWW-SEE trending fractures. The NNW-SSE 
trending faults mainly behave as sinistral and the NWW-SEE trending faults as dextral strike slipping. By 
inversion the fault-slip data sets, the three paleostress tensors have been reconstructed quantitatively. The 
plunge azimuths/angles of ³1, ³2, ³3  are 150eğ1e, 44eğ58eand 245eğ3e,respectively 
(Fig.3c). The paleostress state of this tectonic episode is NW-SE compression and NE-SW extension. 
4. Microthermometry data of fluid inclusions  
Fluid inclusion microthermometry were performed with a petrographic microscope equipped with a 
Linkam THMSG-600l heating-cooling stage (over a temperature range of –196 to +600ć) at the 
laboratory of Chinese University of Geology. The reproducibility of homogenization temperature (Th) 
was within 0.1ć. The homogenization temperatures and salinity of the fluid inclusion from the three 
generation veins and the wallrocks are shown in table 1. 
4.1  Fluid inclusions in the first -generation vein and wallrocks 
The fluid inclusions from first-generation veins and wallrocks reveal similar homogenization 
temperatures, range from 126ć to 267ć and 176ć to 188ć, respectively. Ranges of salinities 
from2.07 to 8.00 and 6.16 to 9.01 wt.λ NaCl are recorded. The homogenization temperatures (Th) and 
the salinities exhibit a positive relationship (Fig.4). However, the fluid inclusions in the veins display 
broader range on the plot, which probably indicates that a successive evolution have taken place for the 
vein-forming liquids during diagenetic compaction. 
 
4.2  Fluid inclusions in the second -generation vein 
Two ranges of homogenization temperatures can be identified by the fluid inclusions in the samples 
from second-generation veins, i.e., 140ć to 210ć and 230ć to 270ć(Fig.5a). On the plot of 
homogenization temperature vs  
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    Fig.3  (a)Stereoplot of the Faults Filled by Second-generation Vein (S-N and NEE-SWW Trending Strike-slip Fault). 
(b) Stereoplot of the Faults Filled by Second-generation Vein (NW-SE Trending Thrust Fault). 
(c) Stereoplot of the Faults Filled by Third-generation Vein. 
Note: Stereoplots are Schmidt projections, lower hemisphere. Fault planes are shown as thin lines, slikenside lineations (striae)  
 are small dots with single thin arrows,³1, ³2, ³3 are maximum, medium and minimum stress axes, respectively. 
TABLE 1 
THE RESULTS OF MICROTHERMOMETRIC MEASUREMENTS OF FLUID INCLUSIONS IN QUARTZ FROM THE VEINS AND WALLROCKS IN 
DABASHAN 
Sampl
e 
descri
ption 
Sampl
e 
numbe
r 
Result 
Wallro
cks 
BP8 
Th(ć) 162 179 204            
Salinity(w
t%) 6.74 7.02 8            
BP9 
Th(ć) 198 213 200 226 228          
Salinity(w
t%) 5.41 7.73 6.88 7.59 7.17          
BP114 
Th(ć) 138 157 150            
Salinity(w
t%) 2.9 3.23 4.18            
BP116 
Th(ć) 193 140 267 194 136 126 203 170 133      
Salinity(w
t%) 5.71 5.41 2.07 5.56 5.11 5.71 6.71 3.87 2.24        
 First- 
genera
tion 
veins  
Y25 
Th(ć) 180 176 168 182 182 188         
Salinity(w
t%) 6.16 6.59 6.45 7.31 9.01 6.59           
Secon
d- 
genera
tion 
veins 
Y21 
Th(ć) 190 202 187 195 182 191         
Salinity(w
t%) 10.1 11.9 10.4 12.5 11.1 11.9         
Y27 
Th(ć) 278 322 206 204           
Salinity(w
t%) 5.71 6.74 8.14 7.59           
Y36 
Th(ć) 135 178 172 189 167 197 176 146 174      
Salinity(w
t%) 4.65 7.17 3.71 5.11 4.96 6.3 5.86 4.49 5.11      
Y37 
Th(ć) 295 181 197 234 219 197 204 310 189 278 280 257 233  
Salinity(w 6.45 6.01 5.71 7.59 7.31 5.56 7.02 7.59 6.59 8.28 7.17 6.88 6.5  
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t%) 9 
Y38 
Th(ć) 220 234 148 175 170 146 233 245 184 169 187 194   
Salinity(w
t%) 10.7 8.28 8.55 10.1 10.5 7.73 8.68 9.73 9.08 9.47 9.08 8.95   
Y41 
Th(ć) 140 152 136 189 167 128 154        
Salinity(w
t%) 7.73 8 7.45 9.73 8.14 8.68 8.55        
Y44 
Th(ć) 240 242 257 271 223 253         
Salinity(w
t%) 8 8.28 8 7.73 7.02 7.73         
Y45 
Th(ć) 211 192 209 210           
Salinity(w
t%) 7.45 6.59 7.73 8.81           
Y46 
Th(ć) 141 138 142 153 168 150 163 217 238      
Salinity(w
t%) 7.59 6.16 6.88 6.45 6.3 7.31 7.02 7.73 7.73      
Y55 
Th(ć) 207 189 157 185 199 171 186 176 134 128 150 141 144  
Salinity(w
t%) 6.74 7.17 2.57 3.23 4.8 8.68 6.16 5.26 10.7 8.55 7.31 6.74 
5.7
1  
Y56 
Th(ć) 204 155 234 245 166 247 199 257 247      
Salinity(w
t%) 7.59 4.49 7.73 7.86 4.8 7.59 7.73 8.41 8      
Y63 
Th(ć) 202 199 186 246 189 207         
Salinity(w
t%) 7.02 5.71 7.31 6.74 7.45 8         
Y67 
Th(ć) 160 146 198 189 200 142         
Salinity(w
t%) 6.59 2.57 6.59 6.16 5.26 4.18         
Y68 
Th(ć) 186 190 199 208 218 198 192        
Salinity(w
t%) 4.65 4.8 6.01 6.3 7.73 8.68 8.41        
Y69 
Th(ć) 292 258 243 288 262 267 206 281 277 345 332 274 311 276
Salinity(w
t%) 7.17 7.73 7.45 5.26 4.8 4.96 6.16 5.86 4.96 4.8 5.11 4.49 
5.2
6 4.8
Y102 
Th(ć) 256 243 215 248 303 231 270 268 229 267     
Salinity(w
t%) 2.07 2.41 2.41 2.24 3.71 3.06 3.39 3.71 3.39 3.71     
Y105 
Th(ć) 264 204 191 185 206 200 198 200 205 187 181    
Salinity(w
t%) 5.86 4.65 3.23 2.74 3.23 2.9 3.06 2.74 3.06 2.57 2.57    
Y106 
Th(ć) 212 169 206 211 186 215 276 305 251 226 160 158   
Salinity(w
t%) 3.55 4.49 1.74 2.24 2.74 1.74 1.4 1.91 1.4 4.03 1.91 2.41   
Y107 
Th(ć) 301 284 383 122 170 120 116 114 120      
Salinity(w
t%) 6.74 6.88 7.17 17.6 17.4 17.3 18 17.9 18.4      
Y117 
Th(ć) 140 308 177 174 201 328 125 209       
Salinity(w
t%) 9.98 8.95 10.5 9.6 9.21 9.86 9.08 8.55       
Y118 
Th(ć) 200 197 217 208 154          
Salinity(w
t%) 1.91 0.88 1.4 1.57 6.45          
Y121 
Th(ć) 186 160 208 151 120 122 118 120 118 180 144 142 181 181 152
Salinity(w
t%) 22.2 22 21.8 22 6.59 5.71 6.45 5.56 7.17 21.5 22.4 22.5 
22.
2 
22.
4
22
.3
Y122 Th(ć) 175 188 202 223 180 205 158 133 129 201     
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Salinity(w
t%) 6.88 4.65 18.2 17.9 17.2 16.7 18.3 20.5 20.2 20     
Y124 
Th(ć) 201 267 241 257 259 164 170 201 207 159 245 207   
Salinity(w
t%) 8.81 11.9 10.1 12.2 8.68 10.1 8.81 9.98 10.2 8.14 7.73 7.59   
Y125 
Th(ć) 159 245 207            
Salinity(w
t%) 8.14 7.73 7.59            
Y126 
Th(ć) 152 140 165 179 160 164 174 156 180      
Salinity(w
t%) 11.3 11.1 10.9 10.2 9.08 10.1 13.2 8.68 9.6      
Y127 
Th(ć) 180 183 199 204 210 215 178 205       
Salinity(w
t%) 6.88 0.53 7.73 6.88 6.16 7.31 7.86 7.02         
Third- 
genera
tion 
veins 
Y25 
Th(ć) 180 176 168 182 227 188         
Salinity(w
t%) 6.16 6.59 6.45 7.31 9.01 6.59         
Y28 
Th(ć) 152 158 144 194 196 188 173 211 200 188 217 180 186 178 181
Salinity(w
t%) 6.16 5.11 4.96 4.18 4.65 4.49 3.87 5.11 6.16 5.11 6.59 5.26 
4.9
6 
5.5
6
4.
49
Y39 
Th(ć) 220 218 254 243 232 205 195 245 257      
Salinity(w
t%) 7.02 6.3 6.59 5.86 6.3 7.31 7.02 6.74 7.17      
Y40 
Th(ć) 163 186 196 188 181 196 200 226       
Salinity(w
t%) 5.26 6.16 6.74 6.45 6.74 6.59 6.16 7.02       
Y42-1 
Th(ć) 160 141 168 218 187 212         
Salinity(w
t%) 7.59 6.88 6.3 6.74 6.3 7.59         
Y42-2 
Th(ć) 260 259 234 270 272 270 259        
Salinity(w
t%) 7.17 8.14 7.45 7.31 8 8.14 7.59        
Y43 
Th(ć) 191 202 247 233 217 220 230 218 214      
Salinity(w
t%) 7.02 6.88 7.17 6.3 5.26 5.11 5.71 6.45 6.59      
Y100 
Th(ć) 158 146             
Salinity(w
t%) 4.49 2.9             
Y129 
Th(ć) 246 205 168 146 184 182 186 186 174 200 198 174   
Salinity(w
t%) 1.57 1.74 1.57 1.91 4.49 3.39 3.39 2.9 1.74 1.57 1.74 1.74   
Y131 
Th(ć) 125 101 117 145 112 150 148 163 160 169 119 116   
Salinity(w
t%) 3.06 2.41 2.57 2.57 2.24 1.91 2.74 2.57 2.41 2.57 2.74 2.41   
Y132 
Th(ć) 269 200 188 189 222 228 215 333 210 189 318 282 238  
Salinity(w
t%) 6.45 4.96 4.96 5.86 6.16 5.11 4.18 4.18 4.34 4.34 4.03 4.18 
4.6
5 
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Fig.4  Plot of Th vs Salinity of Samples from Different-generation Veins and Wallrocks. 
salinity, two clusters of points can be identified (Fig.4).  The salinity values exhibit evidently two groups 
either. One of groups is represented by high salinities with 16-23 wt.% NaCl. Another is characterized by 
relative lower salinities (1.40-12.51 wt.% NaCl). On the Th-salinity plot, the homogenization 
temperatures show no correlation with salinity. This bimodal distribution of both homogenization 
temperatures and salinities indicates that the fluid probably is mixture of different sources. 
4.3.  Fluid inclusions in the third -generation vein 
The homogenization temperatures of the fluid inclusions entrapped in the third-generation veins range 
from 101ć to 257ć(Fig.5b). The salinity range is from 1.91 to7.31 wt.λ NaCl. On the plot of 
homogenization temperature vs salinity, a positive trend is evidently shown (Fig.4). Compared to those in 
second-generation veins, the fluid inclusions in the third-generation veins show slightly larger change in 
Th and lower salinity. The wide range of Th values possibly indicates that re-equilibrium has occurred for 
the fluid inclusions during the activity of the faults.  
5.  C, H and O isotopes 
5.1.  Methods 
In order to probe the origin of vein-forming fluids, calcite-vein and wallrock samples were collected 
and C, H and O isotopes were analyzed. Calcite were crushed into grains with sizes of 0.2-0.4mm, and 
then purified by handpicking under a binocular microscope, purified more than 99%. Oxygen and carbon 
isotope compositions of separated calcite were measured with a MAT-261 mass-spectrometer in the 
Isotopic Laboratory of Chinese Academy of Geological Sciences. Carbon and oxygen isotopic 
compositions are reported relative to PDB and V-SMOW, respectively. Oxygen was extracted from 
calcite by reaction with BrF5 and converted to CO2 by reaction with heated carbon. Carbonate samples 
were reacted with 3 ml of anhydrous H3 PO5. Calcite–acid mixtures were maintained at 258°C overnight 
and CO2 was extracted under vacuum and cryogenically purified. The accuracy of analysis is better than 
±0.2‰ for į18O and ±0.1‰ for į13C. Two standard quartz samples, National Standard of China 
GBW-04409 (+11.2‰ for į18O) and International Standard NBS-28(+9.6‰ for į18O), were used as 
680   De-Zhi Huang et al. /  Procedia Environmental Sciences  12 ( 2012 )  672 – 686 
reference in oxygen isotope analysis, and NBS-18 for carbon isotope analysis. All calcite grains used as 
analyses of įD of fluid inclusions were heated under vacuum at 150°C overnight to remove adsorbed 
atmospheric water. The resultant H2O is reduced to H2 by reaction with zinc metal at 500 °C for 15 
minutes. The įD values of the hydrogen were then measured on MAT-261 mass spectrometer with 
internal biotite (įD: í64±5.0‰) and kaolinite (įD: í125±5.0‰) standards calibrated against the certified 
international biotite standard NBS-20 (įD: í65‰). The overall analytical precision for the hydrogen 
isotope measurements is around ±5.0‰. The results are reported in standard į-notation in per mil (‰) 
relative to V-SMOW standard. 
 
5.2.  Isotope results 
The results of į13C and į18O of calcite(į13Ccalcite, į18Ocalcite), įD of fluid inclusions (įDfluid), as well as 
the į13C and į18O values of fluids (į13Cfluid, į18Ofluid) calculated by 
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Fig.5(a)  Histogram of Fluid Inclusion Th from Second-generation Veins in Dabashan. 
(b)  Histogram of Fluid Inclusion Th from Third-generation Veins in Dabashan. 
TABLE 2 
THE DATA OF STABLE ISOTOPE FROM THE WALL-ROCKS AND VEINS IN DABASHAN 
Sample 
description 
Sample 
number į
13Ccalcite (PDB) 
į18Ocalcite 
(SMOW) įDfluid (SMOW) į
18Ofluid (SMOW) į13Cfluid (PDB) 
Wallrocks 
BP8 -0.8 18.8     
BP9 -0.9 18.6     
BP18 3.1 24.6     
BP100 4.5 25.1     
BP110 -1.6 24.8     
BP112 2.9 25.1     
(a)
(b) 
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BP113 4.5 25.2     
BP114 3.9 25.2     
BP116 5.6 16.7       
First-generation 
veins 
Y25 -1.8 18.4     
Y57 2.2 23.1       
 
Second-generation 
veins  
Y21 -1.8 17.7 -85 7.3 0.1 
Y22 -1 18.4 -78 10.3 1.9 
Y27 -1.1 17.8 -79 7.5 -0.3 
Y36 -1.5 19.5 -86 11.6 1.4 
Y37 -1.4 19.6 -83 8.3 0 
Y38 -1.6 19.3 -83 8.3 0 
Y41 -3.1 17.9     
Y44 -1.6 19.2 -82 11.6 1.3 
Y45 -1.3 19.5 -86 11.1 1.4 
Y46 1.2 20.9 -76 8.7 2.3 
Y55 -5 17.5     
Y56 3.6 22.9 -83 13.5 5.9 
Y63 -1.1 21.1     
Y67 -7 12.2 -81 0.2 -5.9 
Y69 -4.2 13.3 -88 6.7 -0.9 
Y105 -9.2 13.2 -90 2.9 -7.3 
Y106 -6.2 13.8 -84 4.3 -4 
Y107 -5.2 13.7 -83 2.6 -3.7 
Y117 -0.7 27.9 -62 18 1.4 
Y118 -3.4 24.4 -79 14 -1.5 
Y119 -1.1 28.5 -75 17.7 0.7 
Y121 3.7 24.5 -72 11.4 4.4 
Y122 3.4 23.9 -75 12.6 4.9 
Y123 -0.8 24.8     
Y124 3.2 24.8 -73 15.8 5.7 
Y125 3.5 22.8 -63 12.6 5.5 
Y126 4.1 23.8 -69 11.6 5.2 
Y127 3.5 23 -75 12.9 5.5 
Y24 -1 18.4     
Y28 -0.9 17.4       
Third-generation 
veins 
Y39 -2.1 18.9 -85 10.3 0.5 
Y40 -2.1 18.9 -83 8.2 -0.4 
Y42-1 -2.2 19.8 -79 7.8 -1 
Y42-2 -0.8 19.8 -78 12.7 2.3 
Y43 -1.3 19.6 -79 10.6 1.1 
Y74 -3.7 12.8     
Y100 -9.2 13.1     
Y129 5.7 17.7 -87 7.1 7.5 
Y131 4.8 18.1 -78 3.3 4.7 
Y132 3.7 25.1 -74 16.9 6.5 
 
The į13Ccalcite and į18Ocalcite using the fractionation equations [14,15] and average Th of each sample are 
shown in Table 2. The į13C and į18O values of the wall rocks range from -1.6‰ to 5.6‰ and 16.7‰ to 
25.2‰, respectively. The values of į18O are similar to or lower slightly than marine carbonate(29‰), and 
are higher than marine shale(15‰̚18‰). As a whole, the į18O values of the wallrocks in Dabashan are 
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typical of marine sediment. But the wallrocks are enriched slightly in 13C with respect to marine 
sediment(į13C=0f2‰). Compared with the rocks in other fold and thrust or foreland belt, the wallrocks 
in Dabashan show evidently higher į13C values. For example, the surrounding limestones of the vein in 
Variscan foreland give į13C values between 0.4‰ to 2.9‰ [5].In Ionian old and thrust belt in Albanian, 
where four generation veins developed, the į13C values of the wallrocks range from 0.9‰ to 2.8‰ [7]. 
The į13C and į18O values of the first-generation veins are from -1.8‰ to 2.2‰ and 18.4‰ to 23.1‰, 
respectively, which are similar to those of wallrocks except showing smaller variation. The result is 
concordant with the fact that the first-generation vein was precipitated from liquids originating from 
adjacent wallrock during diagenesis.  
The į13C and į18O values of the second-generation veins range from -9.2‰ to 4.7‰ and 13.2‰ to 
27.9‰. Compared to wallrocks and the first-generation veins, the second-generation veins exhibit larger 
variability in both į13C and į18O values. The į18O values span a range of 14.7‰ in į18O, and the į13C 
values as low as -9.2‰. The large variation of į18O values is probably the result of surface weathering 
and interaction with meteoric waters in different degree, or maybe of the mixing two sources of fluids in 
variable ratios.  The low į13C value is also possibly the result of surface weathering, for only the 
oxidation of reduced carbon is known to produce CO2 with such low į13C values. The third-generation 
veins show similar situation to the second-generation veins in į13C values and the large variation in 
carbon isotopic compositions with the į13C values from -9.2‰ to 4.8‰. But the į18O values are not as 
large variable as that of the second-generation veins, and the į18O values are from 12.8‰ to 19.8‰. The 
isotope data probably indicate that the fluid the third-generation veins precipitating from a single source 
fluids. 
6. Discussion and Conclusions 
6.1.  Origin of the fluids  
Coupling of reconstruction of the paleostress states and stable isotope studies can provide 
fundamental information on insight into the relationship between fluid flow events and tectonic 
movements. Three generations of veins filled in fractures can be identified in Dabashan Thrust and Fold 
Belt. 
The occurrence of the first-generation vein, filled in fractures that limited to competent bed and 
perpendicular to the layer, indicate that the vein-forming fluids was formed during diagenesis and 
originated from adjacent wall-rocks due to the weight of overlaid strata. Fluid inclusions in the vein 
exhibit similar homogenization temperatures (126ć to 267ć) to those in the wall-rocks( 152ć-227ć). 
The į13C and į18O values of the veins are similar to those of wall-rocks, too. We focus on the discussion 
of the origin of the fluids that the second- and third-generation veins precipitated from.  
 
1. Origin of the fluids during NE-SW compression  
During NE-SW tectonic compression, three groups of faults, nearly S-N trending dextral strike-slip 
fault, NEE-SWW trending sinistral strike-slip fault and NW-SE trending thrust fault, were developed in 
the study area. The second-generation veins were filled in these faults, which have recorded the fluids 
flowing in the fractures during this tectonic episode. The fluid inclusions show bimodal distribution in 
homogenization temperatures, with peak Th-population values about 140ć to 210ć and 230ć to 270
ć. The salinity values exhibit evidently two groups either. One of groups is represented by high salinities 
with 16-23 wt.% NaCl. Another is characterized by relative lower salinities (1.40-12.51 wt.% NaCl).  
In order to determine the origin of the fluids veins precipitated from, the isotopic compositions of the 
fluids, which are in equilibrium to the second- generation veins, have been calculated (see table2). The 
second-generation veins were precipitated from fluids with į18O values from 0.2‰ to 18.0‰ and į13C 
values from -7.3‰ to 5.9‰. It can be seen that the į18O and į13C values of the fluids show large 
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variation; especially the į13C values are as high as 5.9‰. The high į13C values are shifted away from 
almost all the carbon reservoirs in the crust. The most plausible explanation for the high į13C values is 
that the generation and expulsion of methane-bearing fluids before or during the vein formed. The įD 
values measured by fluid inclusions are from -62‰ to -90‰. On the plot of į18Ofluids vs įDfluids, parts of 
samples are fall in the scope of formation water, some samples show slightly lower įD values relative to 
formation water (Fig.6b).  
It can be seen from the data of fluid inclusions and isotopes that the fluids do not appear to be derived 
solely from a single source. The bimodal distribution of both homogenization temperatures and salinities 
indicates that the fluids probably were mixtures of different sources. The isotopic data, especially the įD 
values,  indicates that the fluids activated during this tectonic episode are probably the mixtures of 
dehydrated water of the wall-rocks and the other source.  
2. Origin of the fluids during NW-SE compression 
The third-generation veins were filled in NNW-SSE to NWW-SEE trending strike-slip faults, which 
were formed under NW-SE tectonic compression. The fluid inclusions in the veins display 
homogenization temperatures range from 101ć to 257ć. The į18O and į13C values of the fluids in 
equilibrium with the third-generation veins in the vein-forming temperatures are from 3.3‰ to 16.9‰ 
and -1.0‰ to 7.5‰, respectively. As a whole, the isotopic compositions of the fluids are smaller variable 
slightly related to these of the fluids in equilibrium with the second-generation veins. The įD values 
measured by fluid inclusions trapped in the veins are from -74‰ to -87‰, which also exhibits smaller 
variation than that of the second-generation veins. On the plot of į18Ofluids vs įDfluids, most of samples are 
fall in the scope of formation water (see Fig.6b). Therefore, we suggested that the fluid flowing in the 
fractures activated during NW-SE compression was mainly coming from the wall-rocks. 
6.2.  The flowing of the fluids 
Generally, the flowing of the fluid inside the rocks behaves as two different manners, channel and 
penetrating flowing. The later is usually characterized by the remaining of geochemical signatures of 
water-rock interaction.  On the plot of į18Ocalcite vs į13Ccalcite from the wall-rocks and veins, the į13Ccalcite 
increase as the į18Ocalcite increase (Fig.6a), which indicates that the fluids flowing is rock buffered. The 
large variation of į13C values of the fluids also shows that the fluid-rock interaction has been taken place. 
Moreover, the į18O and į13C values obtained from the wall-rocks and the veins are similar roughly. 
Therefore, we suggested that the fluids flew inside fractures in channeling manner, as well as in 
wall-rocks in penetrating manner. 
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Fig.6(a)  Plot of į18Ocalcite vs į13Ccalcite from the Wall-rocks and Veins in Dabashan. 
(b)  Plot of į18Ofluids vs įDfluids from the Second- and Third-generation Veins in Dabashan. 
 
6.3.  The tectonism and the fluid flow 
It has been widely accepted that large-scale fluid flow occurs in sedimentary basins during tectonic 
deformation [16]. Orogenic compression drives fluid migration directly, and significant fluid flow may 
migrate towards the foreland coeval with thrusting [17]. It is generally considered that the faults play a 
major role in draining local fluids that are expelled from the sediments [11]. In the study area, two major 
tectonic events can be identified, i.e., the early NE-SW compression and the later NW-SE compression. 
During the two events, faults and fractures, which was filled by veins, developed and activated. The 
(a)
(b) 
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presence of widespread veins accompanying tectonic movements provides a significant opportunity for us 
to unravel the relationship between tectonism and fluids origin and migration. 
The present structural pattern of Dabashan Fold-Thrust Belt was mainly formed during middle to late 
Jurassic Epoch, which was the result of intracontinental orogeny [18,19]. The paleostress field during this 
tectonic episode in the study area was represented by intense NE-SW compression. Under this tectonic 
compression, the strata folded and the rocks fractured. Syntectonically, the fluid was squeezed out of the 
rocks and flowed into the fractures where the veins precipitated from the fluid. The fluids flowing in the 
fractures mainly originated from the dehydration of the wall-rocks, as well as from other source, such as 
deep fluid, which usually flew upward by detachment. The two sources of fluids mixed in different ratios, 
which led to the fluid inclusions to show two clusters in Th and salinity values. The large variations in 
į18O and į13C values of the fluids probably indicate the mixture of fluids. Part of the samples shows 
lower įD values relative to formation water, which is probably the result of the incorporation of the deep 
fluid. Therefore, we suggested that the fluid flowing is on large-scale and the tectonic movement and the 
fluid may play important role on the migration of toil and gas.  
The NW-SE compression probably took place during late Yanshan tectonic period, which is due to 
the subduction of Pacific Plate towards Asian Continent [20]. The deformation  is relative weaker with 
respect to the NE-SW compression discussed above. The vein filled in the fractures is not so widespread 
as that in NE-SW compressional fractures. The homogenization temperatures of fluid inclusions from the 
veins range from 101ć to 257ć, and the isotopic compositions of the fluids are smaller variable related 
to these of the fluids during NE-SW compression. The fluid flowing in the fractures is probably 
originated from wall-rocks. It is suggested that the fluid flow is on small-scale. 
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